Formation of stars, clusters, variable stars by Cimatti, Andrea
From protostars
to the main sequence
Le stelle nascono in nubi molecolari
Gravitational collapse
Stars are thought to be born in the gravitational 
collapse of large clouds of gas and dust 
Gravitational collapse is possible if the gravitational
potential energy of the cloud exceeds the internal 
kinetic energy
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constant = mass density
mean mass particle
gravitational energy (self-gravitating sphere)
radial compression, gravitational energy becomes more negative
corresponding decrease of the volume
Increase of gas
thermal energy
condition for the cloud to become unstable
(remind that an increase of Eth implies an increase of pressure)
Jeans Mass
3
2
2
3
4
3
3
3
||
J
J
J
J
J
thg
R
M
kT
MmG
R
R
mG
kT
M
R
dR
kT
m
M
dR
R
GM
dEdE

 



a cloud will collapse only if its mass is larger than the Jeans mass MJ
a cloud will collapse only if its radius is larger than the Jeans radius RJ
a cloud will collapse only if its density is larger than the Jeans density ρJ
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Expression of Jeans length as a
function of temperature and density
M ~1000 Mʘ
T ~ 20 K 






The protostar becomes a star
when it has contracted so much 
that it is dense and hot enough to 
begin nuclear fusion 
Minimum stellar mass = 0.08 MꙨ

Brown Dwarfs
“Failed stars”:
objects that form like stars 
but have insufficient mass to 
sustain nuclear H fusion
or
“Super-Jupiters”:
objects with similar size and 
atmospheric constituents as 
giant planets, but form as 
stars (not in a protoplanetary 
disk)
 Stars below 0.08 Mʘ never become hot enough for H burning
 With no thermonuclear fusion source, brown dwarfs rapidly evolve 
to lower Teff (<3000 K) and lower L
 They can still generate some luminosity from the burning of 
deuterium, but this energy source is rapidly exhausted
 The lower limit for brown dwarf mass is sometimes taken to be 
~0.015 Mʘ = minimum mass for deuterium burning.
 The smallest protostars therefore contract to planet-like dwarfs
 During the contraction phase they radiate because potential
energy is released, but eventually they begin to cool. 
M dwarfs are 
dominated by TiO, VO, 
H2O, CO absorption 
plus metal/alkali lines.
L dwarfs replace 
oxides with hydrides 
(FeH, CrH, MgH, CaH) 
and alkalis are 
prominent.
T dwarfs exhibit strong 
CH4 and H2O and 
extremely broadened 
Na I and K I.
Star clusters and Associations
 Groups of young stars scattered over so large regions of the sky 
difficult to identify merely on the basis of their appearance
 A few tens of members. 
 Examples of associations are found around the star ζ Persei and 
in the region of Orion
 Associations are groups of very young stars usually identified on 
the basis either of bright main sequence O stars or of T Tauri stars. 
 According to the type, one speaks of OB associations and           
T Tauri associations
Associations


 The most massive stars of spectral class O stay on the main sequence for 
only a few million years, and therefore associations containing them are 
necessarily young. 
 The T Tauri stars are even younger stars that are in the process of 
contracting towards the main sequence.
 Internal motions show that they are rapidly dispersing (few stars, not 
enough gravity to hold them together). 
 The observed motions have often confirmed that the stars in an 
association were very close together a few million years ago
 Large amounts of interstellar matter, gas and dust nebulae often occur in 
connection with associations, supplying information about the connection 
between star formation and the interstellar medium
 Young (typically < 1 billion years)
 Light dominated by biggest blue stars
 10 – 1,000 stars
 Found in Galactic Plane
 All stars born at the same time
 All stars at the same distance
Open Clusters
Open Cluster NGC 290: A Stellar Jewel Box
The M7 Open Star Cluster in Scorpius
• Kinetic energy of the cluster members
• Differential rotation of the Milky Way and external 
gravitational disturbances
==> gradually disperse the open clusters
• However, many of them are fairly permanent
• Example: the Pleiades cluster is many hundreds of millions of 
years old, but nevertheless, quite a dense cluster
M45: The Pleiades Star Cluster
Globular Clusters
 Oldest objects known in the universe (up to >13 Gyr old)
 10,000 – 1 million stars
 All born at the same time
 All have the same distance
 All are relatively dim
 Not confined to our Galactic Plane
M13: The Great Globular Cluster in Hercules
M55: Color Magnitude Diagram
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Name Typical Age 
Typical
Members
Where Located
Typical
Numbers
T Associations Few Million Years
Low mass stars, 
T Tauri Stars 
Near Dark Clouds 10-100 members
OB Associations 
Few to 10 Million 
years 
Stars of 
all masses
Near Giant 
Molecular Clouds 
1000 to 
100,000 stars 
Open Clusters 
(or Galactic 
Clusters) 
10 to 1000 
Million years 
B, A, F,
Red Giants 
Disk of 
Milky Way 
1000 to 
100,000 stars 
Globular Clusters 
few to 10 
Billion years 
Solar Type stars 
Red Giants 
Halo of 
Milky Way 
10,000 to 106 stars
Important Types of Galactic Star Clusters 
Variable stars
 A variable star is any star which changes its brightness 
or magnitude.
 Some stars vary in brightness over hours, days, or 
months.
 Some vary by many magnitudes; others vary little. 
 Intrinsic or eclipsing (periodic, irregular)

The light curve
time
Variable Star Designations
R, S, T, U, W, X, Y, Z, + constellation (genitive)
RR, RS, RT, …. RZ
SS, ST, ………..SZ
……………………..
AA, AB, AC, …………AZ
BB, BC, ………………BZ
…………………………QZ
If there are more than 334 variables in a given constellation : 
V335, V336, V337…….
Classification
Based on :
- shape of light curve
- spectral class
- radial motions 
Four main types
- rotating
- eruptive
- pulsating
- eclipsing (not intrinsic) 
Rotating variables
Brightness variations due to an uneven temperature distribution
on the surface, starspots coming into sight when the star rotates. 
Such stars are quite common
Our Sun is a weak rotating variable
The most prominent group of rotating variables are the magnetic A 
stars (e. g. the α2 Canum Venaticorum stars).The strong magnetic 
fields may be giving rise to starspots. 
The periods of rotating variables range from about 1 day to 25 days, 
and the amplitudes are less than 0.1 mag
Pulsating variables
 The variations are due to the expansion and contraction of the 
outer layers
 Giants and supergiants that have reached an unstable stage
 The wavelengths of the spectral lines of the pulsating variables 
change along with the brightness variations (Doppler), showing 
that the outer layers of the star are indeed pulsating 
 The observed gas velocities are in the range of 40–200 km/s.
 The main cause of the light variation is the periodic variation of 
the surface temperature (L ~ T4)
Variable                  P(days)      Spectrum       Δm         Comments
Classical Cepheids      1-135         F – K I           < 2       Pop I supergiants
RR Lyrae                     < 1             A – F8            < 2        Pop II (GCs)
Dwarfs Cep (δ Scu)     .05-7          A – F              < 1       
β Cephei                       0.1-0.6       B1 – B3 III     > 0.3   Hot massive stars
Mira                             80-1000      M – C             > 2.5   Supergiants, winds
RV Tauri                     30-150        G – M             < 4
Semiregular                30-1000       K – C              < 4.5
Irregular                      -------- K – M              < 2
Pulsating  variables
Pulsating Variables: The Instability Strip
For specific 
combinations of radius 
and temperature, stars 
can maintain periodic 
oscillations.
Those combinations 
correspond to locations 
in the Instability Strip
Cepheids pulsate 
with radius changes 
of ~ 5 – 10 %. 
Cepheids
• Named after δ Cephei
• Supergiants of spectral class F–K
• Periods are 1–50 days and their amplitudes 0.1–2.5 magnitudes
• Shape of the light curve: regular, with fairly rapid brightening, followed by a slower fall off
• There is a relationship between the period of a cepheid and its absolute magnitude (i. e. 
luminosity), discovered in 1912 by Henrietta Leavitt ==> distance indicators
Two types of cepheids
(classical and W Virginis)
Both types obey a period–
luminosity relation, but the W 
Vir stars (Type II Cepheids) 
of a given period are 1.5 
magnitudes fainter than the 
corresponding classical
cepheids
This difference is due to the fact 
that the classical cepheids are 
young objects, whereas the W 
Vir stars are older stars
RR Lyrae
• Brightness variations and periods are smaller than in cepheids
• Old stars,  very common in the globular star clusters
• Absolute magnitudes are about MV = 0.6±0.3 ==> distance indicators
• They are all of roughly the same age and mass, and same evolutionary phase
Mira variables
• Named after Mira Ceti
• Supergiants of spectral classes M, S or C, usually with emission lines
• They are losing gas in a steady stellar wind 
• Periods are normally 100–500 days, and amplitudes typically about 6 magnitudes in the
• Mira stars have masses similar to that of the Sun but, owing to their much greater size, 
have a feeble gravitational hold on the material in their outer layers which, as a 
consequence, escapes into space in the form of a strong stellar wind at a rate of about 10-7
to 10-6 solar mass per year. 

Eruptive variables
No regular pulsations, but sudden outbursts with ejected material 
Divided into eruptive and cataclysmic variables. 
Eruptive variables: sudden eruptions in the chromosphere or 
corona. Usually surrounded by a gas shell or interstellar matter 
participating in the eruption. This group includes e. g. flare stars, 
various kinds of nebular variables, and R Coronae Borealis stars. 
Cataclysmic variables: nuclear reactions on the stellar surface
or interior. Explosions are so violent that they can even destroy the 
whole star. This group includes novae and nova-like stars, dwarf 
novae and supernovae
Supernovae (Δm>20, v = 4000 – 10000 km/s)
Novae (Δm>7-18, v = 200 – 3500 km/s) (binary)
Recurrent Novae (Δm<10, binary)
Nova-like stars (Δm<2, P Cyg, symbiotic stars)
Dwarf Novae (Δm=2-6, binary)
R Coronae Borealis (Δm=1-9) circumstellar dust shells
Irregular (nebular, T Tau, RW Aur) Δm<4 newly forming
Flare stars (UV Ceti) Δm<6  young, surface disturbances 
by magnetic field (v = 2000 km/s)
Eruptive / cataclysmic variables
UV Ceti variables are eruptive 
flare stars that brighten at 
unpredictable, non-periodic 
intervals
Schematic view of a T Tauri star 
The extremely 
young binary star 
system known as 
CoKu Tau/1, which 
is in its T Tauri
stage of 
development.
Keck Observatory
R Coronae Borealis
Light curve
R Coronae Borealis
R CrB type variable
η Carinae 
At present it is star with mag=6 surrounded by a thick envelope of dust and gas
In the early 19th century η Carinae was the second brightest star in the sky after Sirius. 
In an outburst in 1843 the star ejected an expanding nebula, called “Homunculus”. 
The circumstellar dust cloud is the brightest infrared source in the sky outside the 
solar system (thermal emission by dust grains). 

Variables in the HR diagram
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